OBJECTIVES: Remote ischaemic preconditioning (RIPC) may protect distant organs against ischaemia-reperfusion injury. We investigated the impact of RIPC on kinin receptor expression in neutrophils following RIPC in patients undergoing coronary artery bypass grafting (CABG).
INTRODUCTION
Ischaemic preconditioning (IPC) is a phenomenon in which brief cycles of ischaemia and reperfusion produce a protective response against subsequent prolonged periods of lethal ischaemia. In experimental settings, IPC provided powerful protection to target organs against subsequent ischaemia-reperfusion injury [1] . A more clinically applicable method of IPC is remote IPC (RIPC), in which a protective state is induced in a target organ, similar to the effect of local IPC, yet the brief cycles of IR are applied at a distance to the target organ (e.g. to a limb). RIPC was first identified by Przyklenk in 1993 [2] , and recent randomized controlled clinical trials have demonstrated that RIPC has protective effects in patients undergoing cardiovascular surgery and angioplasty [3] [4] [5] [6] [7] .
Although the precise mechanism underlying the phenomenon of RIPC remains unknown, it appears that neutrophils play a central role in the pathogenesis of IR injury, as well as the protective effect of RIPC [8] . We have previously demonstrated that RIPC modifies the expression of proinflammatory genes [9] and the functional responses of human neutrophils [10] . It now becomes apparent that bradykinin, a potent neutrophil activator, is directly involved in IR injury and preconditioning [11] [12] [13] . Interestingly, the infusion of low-dose bradykinin in patients undergoing percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG) provided a cardioprotective effect similar to that of RIPC [14, 15] . Activation of kinin (B1 and B2) receptors on the neutrophil surface is a key step of bradykinin signalling [16, 17] . We previously demonstrated that RIPC decreased the expression of kinin receptors in neutrophils of normal healthy volunteers [16] . The present randomized, controlled study was designed to extend previous studies [13] [14] [15] [16] to clinical surgical practice, and to determine if a similar downregulation of kinin receptors in neutrophils occurred following RIPC in patients undergoing CABG.
METHODS

Patients
The study was approved by the Human Research Ethics Committee at Sir Charles Gairdner Hospital. This was a randomized, doubleblind controlled prospective trial to assess the effects of RIPC in patients undergoing CABG surgery. Consecutive patients scheduled to undergo elective CABG with cardiopulmonary bypass (CPB) at Sir Charles Gairdner Hospital between February and December 2010 were randomly assigned to the RIPC (n = 15) or control (n = 15) groups. The perioperative characteristics of the patients are provided in Table 1 . Patients with evolving myocardial infarction, those taking oral suphonyl urea medication or insulin for diabetes, those with a left ventricular ejection fraction <35% and those undergoing perioperative haemodialysis were excluded.
Study protocol
Following the induction of anaesthesia, patients were assigned to either the RIPC or the control group. This was done by one of the clinicians who was not directly involved in the randomization process. For patients in the RIPC group, the forearm was rendered ischaemic for three 5-min periods, each separated by 5 min of reperfusion. This was achieved by inflation of a standard blood pressure cuff, placed on the upper arm, to a pressure exceeding systolic pressure by 20 mmHg. Interruption and restoration of blood flow were documented using a standard pulse oximeter applied to a finger on the same arm. For patients assigned to the control group, a blood pressure cuff was placed around the upper arm but was not inflated (i.e. sham protocol). All patients underwent standard CABG with cardioplegic heart arrest and CPB.
Creatine kinase (CK), C-reactive protein (CRP), lactate and troponin I levels were measured immediately prior to surgery and 30 min, 6, 12, 24 and 48 h after surgery. Plasma bradykinin levels were assessed at baseline (before RIPC/sham), immediately before surgery (after RIPC/sham) and 30 min, 6, 12 and 24 h after surgery. Plasma concentrations of IL-6, IL-8, IL-10, TNF-α, neutrophil elastase and expression of kinin receptors in neutrophils were determined at baseline (before RIPC/sham), immediately before surgery (after RIPC/sham) and 30 min and 24 h after surgery.
Neutrophil isolation and immunolabelling for kinin B1 and B2 receptors
Blood was collected in tubes containing acid-citrate dextrose, mixed with an equal volume of 6% dextran in phosphate-buffered saline (PBS, pH 7.4), and red blood cells were allowed to sediment for 20 min at room temperature. Neutrophils were isolated from the upper leucocyte layer by centrifugation on Percoll and resuspended in Hank's balanced salt solution. Neutrophils were spotted on poly-L-lysine-coated slides, allowed to air-dry and fixed in acetone-methanol (1:1). After rehydration (0.01 M PBS, pH 7.4), excess peroxidase activity was inhibited with peroxidase block (DAKO, Sydney, Australia) for 5 min. Non-specific protein binding was blocked with 10% human serum, 20% swine serum and serum-free protein block (DAKO) for 15 min each. Slides were then incubated for 3 h at room temperature with kinin B1 receptor or B2 receptor antibodies (Abcam, Cambridge, UK) at a dilution of 1/100 in 0.01 M PBS containing 1% bovine serum albumin. The slides were washed three times (0.01 M PBS, pH 7.4) and incubated with anti-rabbit horseradish peroxidase-conjugated polymer for 30 min at room temperature. After washing three times (0.01 M PBS, pH 7.4), labelling was visualized by incubating the slides with 3,3 0 -diaminobenzidine (DAB) and counter staining with Mayer's haematoxylin. The specificity of immune-labelling was verified using negative control slides from which the primary antibody was omitted. The intensity of immune-labelling of neutrophils for kinin B1 and B2 receptors was assessed by quantitative bright field microscopy using Image J software. The intensity of immunolabelling was determined for a minimum of 100 cells for each sample, and mean intensities were then calculated.
Measurement of cytokines and biochemical markers in plasma
Blood samples for the measurement of cytokines and neutrophil elastase were anticoagulated with acid-citrate dextrose and, after centrifugation, the plasma was stored at −80°C. Plasma concentrations of IL-6, IL-8, IL-10 and TNF-α were measured using specific ELISA kits (BD Biosciences, Sydney, Australia). Neutrophil elastase concentrations were measured using an ELISA kit (Bender MedSystems, Vienna, Austria). Heparinized plasma samples were used for the measurement of CRP and troponin I concentrations by routine immunoassays, and CK and lactate concentrations were measured by routine biochemical assays on an automated analyser (ARCHITECT ci16200, Abbott Diagnostics, Sydney, Australia).
Measurement of plasma bradykinin levels
Blood was collected in tubes containing a cocktail of protease and kininase inhibitors (0.4 mg/ml aprotinin, 4 mg/ml soybean trypsin inhibitor, 10 mM captopril, 10 mM phosphoramidon and 60 mM EDTA) to prevent proteolytic degradation of bradykinin. After centrifugation, the plasma was stored at −80°C until bradykinin levels were assayed, using a commercially available enzyme immunoassay kit (Bachem, Inc., Torrance, CA, USA).
Statistical analysis
Data for kinin receptor expression and neutrophil elastase concentrations are presented as medians with interquartile range. Data for cytokine, bradykinin, CK, troponin I, CRP and lactate levels are presented as mean values with 95% confidence intervals. Comparisons of mean values between the RIPC and control groups were performed using unpaired t-tests, while χ 2 -square tests were used for categorical data. Comparisons of the intensity of kinin receptor expression and other median values between the RIPC and control groups were performed using the MannWhitney U-test. Within-group comparisons of the intensity of kinin receptor expression at different time points were performed using the Kruskal-Wallis test followed by Dunn's multiple comparison test. A P-value <0.05 was considered statistically significant. Statistical analyses were performed using GraphPad Prism software (GraphPad Software, Inc., La Jolla, CA, USA).
RESULTS
At baseline ( pre-RIPC), kinin B1 receptor expression in neutrophils was significantly greater in the RIPC group than in the control group (P < 0.05) (Figs 1 and 2) . At subsequent time points, kinin B1 receptor expression did not differ significantly between the groups. However, within-group analysis showed that in the RIPC group, kinin B1 receptor expression was significantly downregulated after RIPC, and this decrease in B1 receptor expression persisted at the ICU and 24 h time points (P < 0.001). There were no significant within-group changes in B1 receptor expression in the control group. Kinin B2 expression did not differ between the groups at baseline ( pre-RIPC) but was significantly lower in the RIPC group than in the control group post-RIPC (P < 0.05), in ICU (P < 0.05), and at the 24 h time point (P < 0.01) (Figs 3 and 4) . In addition, in the RIPC group, kinin B2 receptor expression was significantly down-regulated after RIPC, and this decrease in B2 receptor expression persisted at the ICU and 24-h time points (P < 0.001). There were no significant within-group changes in B2 receptor expression in the control group. Quantitative image analysis of kinin B1 receptor expression on neutrophils of patients undergoing CABG surgery. Patients in the remote ischaemic preconditioning (RIPC) group (n = 15) received RIPC immediately prior to surgery, whereas patients in the control group (n = 15) did not. Expression of kinin B1 receptors on peripheral blood neutrophils was assessed immediately before RIPC (pre-RIPC), immediately after RIPC (post-RIPC), on admission to the intensive care unit (ICU) and 24 h after surgery (24 h). Data are median values with interquartile range (boxes) and range (whiskers). *P < 0.05 for comparisons between the groups. In the RIPC group, B1 receptor expression was significantly lower post-RIPC, in ICU and at 24 h compared with pre-RIPC (P < 0.001).
Neutrophil elastase concentrations were significantly elevated in all patients after surgery and tended to return to baseline during 24 h after surgery (Fig. 5) . RIPC had no effect on postsurgery levels of neutrophil elastase. In all patients, the bradykinin levels remained stable at all time points and were not changed after surgery, although the RIPC patients had slightly higher bradykinin levels at 6 h (P = 0.03) ( Table 2 ). There were no significant differences between the groups in the bradykinin levels at any other time point. There were no differences between the RIPC and control groups in the levels of IL-6, IL-8, IL-10 or TNF-α at any time point (Table 2 ). There were also no differences in gross clinical markers of IR injury (Table 3) . Clinically, all patients did well and had an uncomplicated postoperative course. There were no differences between the groups in length of hospital stay. received RIPC immediately prior to surgery, whereas patients in the control group (n = 15) did not. Expression of kinin B2 receptors on peripheral blood neutrophils was assessed immediately before RIPC ( pre-RIPC), immediately after RIPC ( post-RIPC), on admission to the intensive care unit (ICU) and 24 h after surgery (24 h). Data are median values with interquartile range (boxes) and range (whiskers). **P < 0.01 and *P < 0.05 for comparisons between the groups. In the RIPC group, B2 receptor expression was significantly lower post-RIPC, in ICU and at 24 h compared with pre-RIPC (P < 0.001).
DISCUSSION
During the last decade, RIPC has been applied in clinical practice following successful animal experiments. The exact mechanism of the RIPC is unknown. Our previous studies demonstrated that the RIPC modified genomics and proteomics of blood [9, 18] as well as neutrophil functional responses [10] and down-regulated of kinin receptors on the surface of neutrophils in normal healthy volunteers [16] . Thus, we aimed at assessing kinin receptor expression in patients undergoing cardiac surgery with CPB in the present study.
There is a close association between IR injury and the leucocytemediated inflammatory response [17, 19, 20] . Bradykinin is involved in the inflammatory response by regulating the expression of adhesion molecules and the infiltration of leucocytes into the tissues [21] . Bradykinin in low doses attenuates IR-induced leucocyte recruitment and microvascular dysfunction through B2 receptor complex-dependent nitric oxide production [22] . Shigematsu et al. [23] used a rat mesentery model to demonstrate that IR injury increased the numbers of rolling, adherent and emigrated neutrophils, and that these effects were prevented by bradykininmediated preconditioning. The dual role of bradykinin in causing IR injury and protecting against myocardial IR injury is well recognized. Bradykinin mediates ischaemic preconditioning, and the B2 receptor antagonist, HOE-140, abolishes this cardioprotective effect in animal models [24, 25] . We have previously demonstrated that in healthy human volunteers, an RIPC stimulus down-regulates the expression of B1 and B2 receptors for up to 24 h following RIPC [16] and discussed the concept of kinin receptor internalization via the signalosomes. Bradykinin binds to the kinin receptors in neutrophils and the receptor then rapidly internalizes within the cell through the formation of a signalosome [16] . The activation of this signalling pathway results in the formation of phosphatidylinositol 3-kinase, which is responsible for the activation of a protein kinase, as well as downstream activation of nitric oxide synthase. The NO that is produced then causes the activation of mitochondrial protein kinase G. This intracellular signalling may transfer to mitochondria and result in cytoprotection [16] . Therefore, decreased expression of kinin receptors may, in part, explain the multiorgan protective effect observed in patients who underwent RIPC [3] [4] [5] [6] [7] . The role of kinins in this setting appears to be 2-fold. Bradykinin is not only involved in inflammatory response through the induction of chemotaxis and the activation of neutrophils [11] , but may also attenuate the proinflammatory response, resulting in protection against IR injury [22, 23] . The dual role of bradykinin in injury and cellular protection raises several questions regarding the pattern of bradykinin release and its protective effect, the interaction between kinins and other mediators involved in preconditioning induced protection, and how best to manipulate this pathway for wider applicability in the clinical setting. 
